Minimizing oxidative stress by gene delivery of superoxide dismutase accelerates regeneration after transplantation of reduced-size livers in the rat.
Transplantation of reduced-size livers may lead to a hypermetabolic state and increased production of oxygen radicals. Since oxygen radicals may cause liver injury and impair liver regeneration, we tested the hypothesis that overexpression of superoxide dismutase (SOD) in reduced-size livers (RSL) would accelerate regeneration and reduce injury in a rat model of transplantation of RSL. Donor rats were infected with adenoviruses either expressing SOD1 (Ad.SOD1) or beta-galactosidase (Ad.lacZ). Livers were harvested 72 hours later, reduced to 45% of weight, and transplanted. After transplantation, hepatic SOD activity, graft survival, histopathology, AST/ALT release, and bilirubin were examined. Regeneration was evaluated by BrdU-staining, graft weight, and expression of cyclin D1 and p21. In Ad.SOD1-treated livergrafts, SOD activity increased three-fold compared to controls. Survival was dramatically increased in recipients of Ad.SOD1-RSL (100% vs. 20% in Ad.lacZ-RSL), and peak levels of AST/ALT and bilirubin levels were reduced by 75% and 87.5%, respectively (P < 0.001). In histological sections, hepatocyte necrosis decreased from 24% after Ad.lacZ-treatment to 6% after Ad.SOD1-treatment (P <0.001). Regeneration was also accelerated after Ad.SOD1-treatment as demonstrated by an increase of BrdU-stained cells 24 hours after reperfusion and increased liver weight after 1 week. In conclusion, overexpression of SOD1 in RSL prevents primary non-function of reduced-size liver grafts and accelerates liver regeneration.